We measure the tt production cross section in pp collisions at √ s = 1.96 TeV in the lepton+jets channel. Two complementary methods discriminate between signal and background, b-tagging and a kinematic likelihood discriminant. Based on 0.9 fb −1 of data collected by the D0 detector at the Fermilab Tevatron Collider, we measure σ tt = 7.62 ± 0.85 pb, assuming the current world average mt = 172.6 GeV. We compare our cross section measurement with theory predictions to determine a value for the top quark mass of 170 ± 7 GeV.
PACS numbers: 13.85.Lg, 13.85.Qk, 14.65.Ha The standard model fixes all properties of the top quark except its mass. The cross section for top quark production depends on the couplings of the top quark and on its mass. In this Letter, we report the most precise measurement of the top-antitop quark pair (tt) production cross section to date. By comparing the measured cross section to predictions we test whether the top quark conforms with standard model expectations. We also for the first time extract a constraint on the top quark mass based only on this comparison. This determination of the top quark mass is complementary to direct measurements and has the advantage that it is done in a well-defined renormalization scheme, that employed in the calculation of the cross section.
The Tevatron collides protons and antiprotons at √ s = 1.96 TeV. Most top quarks at the Tevatron are created in pairs through the strong interaction, although evidence of single top quark production has been reported recently [1] . For a top quark mass of 175 GeV, the standard model predicts a tt production cross section of about 6.7 pb [2, 3] . Previous measurements [4, 5] agree with this prediction within their precision of 15%. Here we present an substantially improved measurement of the tt production cross section, based on data collected by the D0 detector [6] between August 2002 and December 2005 with an integrated luminosity of 0.9 fb −1 .
In the standard model the top quark always decays to a W boson and a b quark. The decay modes of the W boson define the possible final states. Here we focus on the lepton+jets channel in which one W boson decays to eν, µν, or τ ν followed by τ → eνν or µνν. We refer to such leptons as prompt. The other W boson decays to jets or to τ ν followed by a hadronic τ decay. The branching fraction for this channel is 38%. The D0 detector acquires these events by triggering on an electron or muon and at least one jet with large momentum component transverse to the beam direction (p T ). The event selection [7] requires exactly one electron or muon, that is isolated from other objects in the detector, with p T > 20 GeV and |η| < 1.1 (for e) or |η| < 2 (for µ), missing transverse momentum / p T > 20 GeV (for e+jets) or 25 GeV (for µ+jets), and at least three jets with p T > 20 GeV and |η| < 2.5. The pseudorapidity is defined as η = − ln[tan(θ/2)] and θ is the polar angle with the proton beam. The leading jet must have p T > 40 GeV and the lepton p T and / p T vectors must be separated in azimuth to reject background events with mismeasured particles. Jets are reconstructed using the Run II cone algorithm [8] with cone size (∆φ) 2 + (∆y) 2 = 0.5, in terms of azimuth φ and rapidity y. We call this the inclusive lepton+jets sample. nate from other processes that produce prompt leptons and jets (mostly W +jets production) and from events with jets which mimic the signature of a lepton. We use two complementary techniques to distinguish the tt signal from these backgrounds; b-tagging and a kinematic likelihood discriminant. We model the tt signal and all backgrounds with prompt leptons using Monte Carlo (MC) simulations. We carry out the analyses using tt events generated at a reference mass of 175 GeV. W +jets and Z+jets production are generated using the alpgen [9] generator and pythia [10] for showering. A matching algorithm [11] avoids double counting of final states. Single top production is generated using singletop [12] and comphep [13] . Diboson and tt production are generated by pythia. All simulated events are processed by a detector simulation based on geant [14] and by the same reconstruction programs as the collider data.
We first determine the background from events without prompt leptons in the inclusive lepton+jets sample using loose data samples defined by relaxing the electron identification and the muon isolation requirements. We use simulated events to determine the probability ǫ s for leptons from W boson decays that satisfy the loose selection to also pass the selection used for the measurement. We correct this efficiency for known differences between efficiencies observed in the MC simulation and in data. We determine the corresponding efficiency ǫ b for misidentified leptons using data selected with the criteria given above except for requiring / p T < 10 GeV to minimize contributions from leptons from W boson decays. The number of events in our selected sample is N data = N ℓj + N jj , where N ℓj is the number of events with prompt leptons and N jj the number of events without prompt leptons. The number of events in the corresponding loose sample is N loose = N ℓj /ǫ s + N jj /ǫ b . These two equations determine N jj given in Table I . We predict the number of events, N other , from the smaller background processes (single top, Z+jets, and diboson production) using the MC simulation and next-to-leading order cross sections [15] . 3jets,1tag 3jets,≥2tags ≥4jets,1tag ≥4jets,≥2tags For the b-tag analysis, we start with the expected tt cross section to get a first estimate of the number of tt events in the sample. After we obtain a cross section as described below we update this estimate using the measured cross section and iterate the cross section calculation until the result is stable. We fix the number of W +jets events in the inclusive sample so that the sum of all background and signal contributions equals the observed number of events.
The b-tag analysis enhances signal purity by requiring that at least one jet be tagged as a b-jet, i.e., identified to contain the decay of a long-lived particle such as a b-hadron [16] . We determine the number of background events without prompt leptons as above and the number of events expected from other background sources from the number of background events in the inclusive sample times their probability to be b-tagged. We obtain the b-tagging probability from the MC simulation corrected for differences in the b-tagging efficiencies observed in the simulation and in data. In order for the MC model to correctly predict the number of lepton+jets events with two jets with at least one b-tagged jet, we have to scale the number of W +jets events with heavy quarks (b, c) by a factor of 1.17±0.18 relative to the rest of the W +jets events. We use the same scale factor for W +≥3 jet events. Figure 1 shows the jet multiplicity spectrum of events with b-tags compared to expectations. The composition of the b-tagged samples is given in Table II . The tt contribution in Fig. 1 and Tables I and II is based on the cross section measured in the b-tag analysis.
We calculate the cross section using a maximum likelihood fit [17] to the number of events in eight different channels defined by lepton flavor (e, µ), jet multiplicity (3, ≥ 4), and b-tag multiplicity (1, ≥ 2). The likelihood is defined as L = i P(N i , µ i (σ tt )), where i runs over the eight channels and P(N, µ) is the Poisson probability to observe N events when µ are expected. The expected number of events is the sum of the number of events from all backgrounds plus the number of tt events as a function of σ tt . We obtain σ tt = 8.05 ± 0.54(stat) ± 0.70(syst) ± 0.49(lumi) pb for m t = 175 GeV. The third uncertainty arises from the measurement of the integrated luminosity [18] . Table III lists the systematic uncertainties which arise from the following main categories. Selection covers acceptance and efficiency for leptons and jets. Jet energy calibration accounts for jet energy scale and resolution. The b-tagging efficiencies for b, c, and light quark/gluon jets make up the b-tagging uncertainty. MC model uncertainties originate from the cross sections used to normalize the simulated backgrounds, differences observed between tt samples generated with alpgen and pythia, the factorization and renormalization scale in the W +jets simulation, and the parton distributions functions (PDF). N jj covers the determination of the number of events without prompt leptons. The likelihood analysis is based on kinematic differences between events with tt decays and backgrounds. No single kinematic quantity can separate signal and background effectively. We therefore build a likelihood discriminant from 5-6 variables, listed in Table IV , in each channel. The variables were selected to be well modelled
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jets
≥4 jets N data 1760 626 by the MC simulation and to have good discrimination power. For this analysis, we use the inclusive lepton+jets sample with the additional requirement that events with three jets must satisfy
GeV. The events are divided into four channels defined by lepton flavor and jet multiplicity (3, ≥4) .
We determine the probability density functions of the likelihood discriminant for signal and prompt lepton backgrounds from the simulation and for events without prompt leptons from a control data sample. We perform a maximum likelihood fit to the likelihood discriminant spectra from data in all four channels simultaneously with the tt production cross section as a free parameter. The number of events without prompt leptons is constrained to the value obtained from the loose data sample in the same way as described above. Table V gives the sample composition for the best fit and Figure 2 shows the corresponding likelihood discriminant distributions. We measure σ tt = 6.62 ± 0.78(stat) ± 0.36(syst) ± 0.40(lumi) pb for m t = 175 GeV. The systematic uncertainties are listed in Table III in the same categories as for the b-tag analysis plus Likelihood fit which gives the uncertainty from statistical fluctuations in the likelihood discriminant shapes from the MC simulation.
We combine the two analyses using the BLUE method [19] . Their statistical correlation factor is 0.31, determined by MC generated pseudodata sets that model the statistical correlation between the two analyses. The systematic uncertainties from each source are completely correlated between both analyses. The combined result is σ tt = 7.42 ± 0.53(stat) ± 0.46(syst) ± 0.45(lumi) pb for m t = 175 GeV with χ 2 = 2 for one degree of freedom, corresponding to a p-value of 0.16. We use samples of tt events simulated with different values of the top quark mass to determine the cross section as a func- (∆m) 3 , where ∆m = m t /GeV − 175, as shown in Figure 3 .
We define likelihoods as a function of σ tt and m t for the theory prediction and our measurement. There are two sources of uncertainty in the calculated cross sections, a theory uncertainty that arises from the termination of the perturbative calculation and the uncertainty from the PDFs. For each value of m t , we represent the former by a likelihood function that is constant within the ranges given in Refs. [2, 3] and zero elsewhere and the latter by a Gaussian likelihood function with rms equal to the uncertainty determined in Ref. [2] for the CTEQ6M [20] error PDF sets. We then convolute the two functions and average the likelihood functions from the two calculations. The cross section measurement is represented by a Gaussian likelihood function centered on the measured value with rms equal to the total experimental uncertainty. We multiply the theory and measurement likelihoods to obtain a joint likelihood. The contour in Figure 3 shows the smallest region of the joint likelihood that contains 68% of its integral. We integrate over the cross section to get a likelihood function that depends only on the top quark mass. We find that at 68% C.L. m t = 170 ± 7 GeV, in agreement with the current world average of direct measurements of the top quark mass of 172. 6 ± 1.4 GeV [21] .
In conclusion, we find that tt production in pp collisions agrees with standard model predictions. At the world average of direct top quark mass measurements of 172.6 GeV we measure σ tt = 7.62 ± 0.85 pb. This is the most precise measurement of the tt production cross section. By comparing the cross section measurement with the theory prediction we determine the top quark mass to be 170 ± 7 GeV.
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